We analyzed the serum concentrations of lipids and lipoproteins and the prevalence of other risk factors in a case-control study of 304 consecutive Chinese patients with acute stroke (classified as cerebral infarction, lacunar infarction, or intracerebral hemorrhage) and 304 age-and sex-matched controls. For all strokes we identified the following risk factors: a history of ischemic heart disease, diabetes mellitus, or hypertension; the presence of atrial fibrillation or left ventricular hypertrophy; a glycosylated hemoglobin A, concentration of >9.1%; a fasting plasma glucose concentration 3 months after stroke of >6.0 mmol/1; a serum triglyceride concentration 3 months after stroke of >2.1 mmol/1; and a serum lipoprotein(a) concentration of >29.2 mg/dl. We found the following protective factors: a serum high density lipoproteincholesterol concentration of >1.59 mmol/1 and a serum apolipoprotein A-I concentration of a 106 mg/dl. The patterns of risk factors differed among the three stroke subtypes. When significant risk factors were entered into a multiple logistic regression model, we found a history of hypertension, a high serum lipoprotein(a) concentration, and a low apolipoprotein A-I concentration to be independent risk factors for all strokes. The attributable risk for hypertension was estimated to be 24% in patients aged >60 years. In this population, in which cerebrovascular diseases are the third commonest cause of mortality, identification of risk factors will allow further studies in risk factor modification for the prevention of stroke. (Stroke 1991;22:203-208) R isk factors for cerebrovascular diseases have been studied extensively in Caucasian and Japanese populations. 1 " 6 However, there are few studies examining apolipoproteins as risk factors. Also, there are few stroke studies among Chinese populations. No longitudinal or case-control studies of risk factors have been reported, few studies provide classification of stroke subtypes by computed tomography (CT), and the role of lipids and lipoproteins has not been investigated systematically. In this case-control study, we examined the serum concentrations of lipids, lipoproteins, and apolipoproteins and the prevalence of other risk factors in Chinese subjects with different stroke subtypes and estimated the attributable risks of some common risk factors for the Chinese population in Hong Kong.
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Stroke Vol 22, No 2, February 1991 phy were an R amplitude of >26 mm in either lead V 5 or lead V 6 or an R amplitude in lead V 5 or V 6 plus an S amplitude in lead V] of >35 mm. All ECGs were read by a single blinded observer.
A venous blood sample was taken from each patient s48 hours after ictus following a 12-hour fast for routine blood tests and the determination of concentrations of glucose, glycosylated hemoglobin (HbA,), fructosamine, total cholesterol (TC), triglycerides (TGs), high density lipoprotein-cholesterol subfractions (HDL-C, HDL 2 -C, and HDL 3 -C), low density lipoprotein-and very low density lipoprotein-cholesterol (LDL-C and VLDL-C), apolipoproteins A-I and B (Apo A-I and Apo B), and lipoprotein(a) [Lp(a)]. Three months later, blood sampling for the determination of concentrations of glucose, lipids, and lipoproteins was repeated following a 12-hour fast among the survivors.
Control subjects matched for sex and age (by 10-year age groups) were recruited from the community. Each case was matched with one control. Controls aged >60 years were recruited from two social day centers close to the hospital. The interview, examination, and investigations formed part of a health screening program offered to those attending the centers. Subjects of matching age group and sex were chosen from the attendance register, and a health check-up was offered. If the subject refused, the next matching subject on the register was selected. The refusal rate was 10%, the main reason being fear of venipuncture. Subjects with a history of cerebrovascular disease or liver, renal, biliary, or thyroid diseases were excluded. Controls aged <60 years were recruited from a general practice clinic for residents in the same area. Subjects included patients who requested a health check-up, those with minor upper respiratory tract or musculoskeletal problems or psychosomatic complaints, and those with symptoms for which no organic basis could be found. In all controls, the same questionnaire was administered, a fasting venous blood sample was taken, and a 12-lead ECG was obtained.
Serum TC and TG concentrations were assayed enzymatically with commercial reagents (Baker Instruments Corp., Allentown, Pa.). The HDL-C, HDL2-C, and HDL 3 -C concentrations were determined after fractional precipitation with dextran sulfate-MgCl 2 . 8 The concentrations of LDL-C and VLDL-C were calculated using the formula of Friedewald et al. 9 The Apo A-I and Apo B concentrations were assayed by rate immunonephelometry (array analyzer, Beckman Instruments Inc., Bera, Calif.). The Lp(a) concentration was measured by immunoradiometry (reagents of Pharmacia Diagnostic AB, Uppsala, Sweden). Interassay coefficients of variations for all biochemical variables were <8.0%.
Statistical analyses were performed using the SPSS/PC program. Student's paired / test was used to compare mean values between cases and controls where the distribution was normal; otherwise, Wilcoxon's paired test was used. The x 2 test was used to detect significant differences in the prevalence of risk factors between cases and controls. Conditional logistic regression analysis was used to calculate odds ratios using the EGRET package. Serum lipid and lipoprotein concentrations obtained 3 months after stroke were compared with data from the controls since patients had higher TC, LDL-C, and Apo B and lower TG and Lp(a) concentrations during the initial 48 hours after ictus than 3 months later. 10 Quintiles were calculated in cases and controls for the biochemical variables that were significantly different between the cases and controls. The odds ratio for each quintile was calculated, assuming that the odds ratio for the lowest quintile was 1. A test for trend in the odds ratios was also performed. Multiple logistic regression analysis was used to adjust for confounding among significant risk factors. Population-attributable risk 11 in the local population for a particular risk factor was estimated as b(r-l)-^[b(r-l)+l]xlOO%, where r=relative risk and b=prevalence of that risk factor in the population.
Results
We recruited 304 pairs of cases and controls. Of the cases, 267 (88%) had no history of cerebrovascular disease. The demographic features and use of medication in the cases and controls are shown in Table 1 . A history of ischemic heart disease, diabetes mellitus, or hypertension and the presence of atrial fibrillation or left ventricular hypertrophy were significant risk factors for all strokes (Table 2) . When risk factors for the three stroke subtypes were analyzed separately, however, different patterns were found. Hypertension was the only significant risk factor for intracerebral hemorrhage; hypertension and diabetes were both risk factors for lacunar infarction, with diabetes having the highest odds ratio; and ischemic heart disease, diabetes, hypertension, atrial fibrillation, and left ventricular hypertrophy were all risk factors for cerebral infarction, similar to the pattern for all strokes.
When biochemical variables were compared between the cases and controls, no differences were found for TC (5.3±1.3 and 5.5±1.1 mmol/1, respectively; n = 111), LDL-C (3.5+1.2 and 3.4+1.1 mmol/1, respectively; n = 177), VLDL-C (0.8 ±0.4 and 0.7 ±0.5 mmol/1, respectively; »=177), or Apo B (87.2±22.9 and 85.7±23.1 mmol/1, respectively; n = 174). Table 3 shows the mean±SEM values of variables that differed significantly. For intracerebral hemorrhage, the only lipoprotein fraction that differed significantly between cases and controls was Lp(a) ( Table 3) . Patients with lacunar infarction had lower HDL3-C and Apo A-I concentrations than controls. The Lp(a) concentration was also higher in patients with cerebral infarction, while the concentrations of all HDL-C subfractions and Apo A-I were lower. The higher TG concentrations observed for all stroke cases compared with controls were not found for any stroke subtype. Biochemical variables showing significant differences between cases and controls were divided into quintiles, and the odds ratios were calculated (Table  4 ). An Lp(a) concentration of >49.7 mg/dl was associated with a 4.6-fold increase in the risk of stroke, whereas high HDL-C and Apo A-I concentrations were associated with a decreased risk of stroke. These three biochemical variables, together with other previously identified risk factors (ischemic heart disease, diabetes mellitus, hypertension, and atrial fibrillation), were analyzed by multiple logistic regression to determine their independent contributions to the risk of stroke (Table 5) . We identified three significant risk factors: hypertension, a low Apo A-I concentration, and a high Lp(a) concentration. The odds ratios for these three factors were of comparable magnitudes. The numbers were too small to allow multivariate analysis of risk factors by stroke subtype because the upper confidence limit approached infinity in some instances. Therefore, in this Chinese population, the only independent risk factors for all strokes were a history of hypertension, a low serum Apo A-I concentration, and a high serum Lp(a) concentration. The prevalence of hypertension (systolic blood pressure of >160 mmHg and/or diastolic blood pressure of >95 mm Hg) among the local Chinese population aged ^60 years is 20%. 12 The attributable risk for developing a stroke in this Chinese community for subjects aged £60 years is, therefore, 24% for hypertension.
Discussion
The relation between serum lipids and lipoproteins in cerebrovascular disease is not as clear cut as in coronary atherosclerosis. 1 One explanation is the uncertainty regarding when serum lipids should be examined after acute stroke. Available studies have given conflicting results on the effect of acute stroke on serum lipid concentrations, 1314 and to our knowledge no information is available for lipoproteins. In a separate analysis, we found that patients with cerebral infarction had higher TC, LDL-C, and Apo B concentrations and lower TG and Lp(a) concentrations immediately after ictus than 3 months later, and similar time-associated differences in the concentrations of TC and LDL-C have been observed among patients with lacunar infarction. 10 Therefore, we used the 3-month values for case-control comparisons to avoid incorrectly identifying certain lipid fractions as risk factors. Other explanations for the conflicting results in previous studies are possible interactions between other risk factors and serum lipids and lipoproteins and the need to classify stroke as to subtype. 15 We examined the role of serum lipids and lipoproteins in different stroke subtypes and assessed their importance in relation to other risk factors.
The controls had a socioeconomic background similar to that of the cases, and the frequency of use of medication that may affect serum lipids and lipoproteins 16 was similar in the two groups. Cases and controls were matched for age and sex since these two factors are known to influence serum lipid levels. 17 The observed differences in historical and biochemical risk factors between cases and controls are unlikely to be due to selection or recall bias. Nevertheless, a random sample from the community would have provided a more ideal control population.
Earlier studies on the association between serum lipids and stroke have not examined the role of apolipoproteins 1819 nor classified stroke into subtypes on the basis of CT data. 19 - 20 Raised TC 20 -21 and TG 19 concentrations were found to be associated with stroke in some studies, whereas others found no association between TG concentration and stroke. 22 Recent studies have examined apolipoproteins 15 ' 23 as well as Lp(a). 24 The HDL-C concentration was found to be low in patients with cortical infarcts, 15 ' 23 but no difference in the concentrations of other lipid or lipoprotein fractions was found. This is a little unexpected since apolipoproteins may be better discriminators for atherosclerosis, at least in coronary heart disease. 25 The Lp(a) concentration has been shown to be associated with cardiovascular disease 26 and is elevated among patients with cerebral infarction. 24 Our data show that a high LP(a) concentration increases the overall risk of stroke, specifically cerebral infarction and intracerebral hemorrhage. A low Apo A-I concentration also increases the risk, but only for cerebral infarction and lacunar infarction. The HDL-C and HDL2-C concentrations were lower only in the patients with cerebral infarction and not lacunar infarction, as observed by Adams et al. 15 Our finding supports the hypothesis that Lp(a) is a marker for atherosclerosis and that apolipoproteins or the protein component of lipoproteins may be more important in atherogenesis than the lipid component. 25 Since genetic factors may influence the concentration of the protein moiety more than environmental factors, genetic factors may have a significant role in determining the predisposition to stroke and may partly account for racial differences in stroke prevalence. A study of Lp(a) concentrations and stroke incidences in different ethnic groups should be of interest. The explanation for the association between the Lp(a) concentration and atherosclerosis is unknown, but Lp(a) has some structural similarity to plasminogen 26 and may interfere with its action. The protective effect of Apo A-I may be related to its action against the accumulation of platelet thrombi at sites of vascular damage since it has recently been identified as a prostacyclin-stabilizing factor. 27 As have previous investigators, we demonstrate that other risk factors for all stroke include histories of ischemic heart disease, diabetes mellitus, and hypertension and the presence of atrial fibrillation and left ventricular hypertrophy. Alcohol intake did not emerge as a risk factor, probably because a large percentage of our population were teetotalers. In contrast to other studies, neither smoking 5 nor a family history of stroke was identified as a risk factor. When risk factors were analyzed for individual stroke subtypes, the observed differences or lack of differences may be due to insufficient power.
An association between the Lp(a) concentration and hypertension has been described recently by Asplund et al, 28 who concluded that these two factors may act in concert to enhance the risk of stroke. However, these authors partly attributed the association to the use of /J-blockers since their use was found to be a determinant of the Lp(a) concentration. In our study only eight cases and eight controls were taking /J-blockers, so that any role for these drugs in the association is likely to be minor.
For our population, 24% of all stroke was attributable to hypertension. However, it is not known what measures, if any, will reduce the serum Lp(a) concentration or raise the Apo A-I concentration. Therefore, the role of Lp(a) in stroke prevention is uncertain, and it probably serves only as a marker for a predisposition to cerebrovascular disease.
